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mMBERS OF 1.62 m l.&

By ClintonE. Brown and HarryS. Ebinlm,Jr.

SUMMARY

The damp~in-roU coefficientsfor a seriesof thin triangular
plen<mm wingsand twu rectangularwingshave been oltainedin the
Lsngleyg-inchsupersonictunnel. The triangular=wingseries
consistedof ninewings of vert~xeaglessuchthat a rangeof leadtq&
edge positionsaheadof and behindthe I&oh conewas obtainedat two
Mach nuuibers,1.62 and 1.g2. The rectangularwingswere of aspect
ratio2.00 and 2.73. All the wingswt3retestedin the presenceof a
body of revolution.

It was foundthat the &m@ng in roll of the rectangularwingswas
very closeto that predictedby lineartheoryfor isolatedwings.

The triangdar wings gaveresultsapproximately10 ~rcent below
that predictedwhen the wing leadingedgeswere well aheadof or behind
the Wch COIle. Somewhatgreaterreductionsin the dampiq coefficients
from the lineartheorywere foundwhen the leadingedgeswere in the
Vicinity Of the I&ohCO~.

13’JTRODUCTIOI!J

One of themore importantfactorsenteringin
controlcalculationsis the aerodynamicresistance

aircraftstaMlity
to roll or damping

and
in

roll. The dempingin roll is generallyexpressedin termsof the rim
dimensionalparameter Cz which is the rate of changeof rolling-

momentcoefficientwith Cpx of wing-tiphelixangle pb/2V. The
lineartheoryof supersonicflows”has providedvaluesm?

%p for a

largeclassof wingplan forms. (Seereferences1 to 5.) At the present
time,rocket=poweredaodelteststo obtainaileroneffactiveness

L %@ersedes recentlydeclassifiedNACA ResearchMemorandumL8L30
by ClintonE. I&ownand HsmryS. Heinke,Jr., 1A9.
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the only experimentalinformationcm rolMng wings that is available
superstic speeds. (Seereference6.) *

The presenttestswere cmducted to supplyezprimental C
2p

values

a seriesof wing plan formsend to checkthe validityof the the-
oreticalresults. ~ testswm% made at low Reynoldsn~ers
(R = 0.49millionto L30 million)at two Mmh numibers,1.62 and 1.92. Nine
triangularand two rectangularwing plan formswere investigated.The
triangularwingswere selectedso that datawere obtainedthroughthe
aspect-ratiorange in whichthe lea- e@e passesfrombehind.to ahead
of the Wch cone emsmatingfromthe * apexes. Theaspectratiosof
the two rect&@ar _ were 2.73 and 2.00. AU wingsweremountedon
a slenderbody of revoltitonin whicha ~ torqw+indicating
balancewas instaUed.

The torquemeasuremerrtswere made at constamtrotationalspeedsend
hencethe effectsof oscillatorymotionwere not encountered.It is
probablethat SCUMmcdificatianof the C2 valws will be foundfor

high-frequencyrollingoscillation;theore~icalanalysisbased on the
nonstationaqlinearizedtheorywill pro%ablyshow@at theseeffects
‘becomeim~rtant onlyfor frequenciesapproachingflutterfrequencies

S-IMBOIS

A aspectratio (%2/S)

b wing sm, feet

P=V=

C2 ro~~ coefficient(L/@b)

d \/
5

maximumlody diameter

e half of a-x angleof wing

L r-oilingmoment,f00t-pOmas

M free+tresm &h nuuiber

()-11Mach angle sin ~

.
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NACA TN 3740 3

pb/2v hOliXanglegenenatedby wing tip in r~, radians

~ frek+tream dynamicpressure

R Re~ds nuniberBased on mean geometricchord-ofwing

s wing area,squarefeet

v free+treem velocity,feet ~r seoad

The test setupconsistedof a wing+upportbody contai~ st~
gagesso mountedas to be sensitiveto mment appliedby the wings. Wires
connectingthe gagesin a full+ridge circuitwere run throughthe center
of the model supportshaftto slipringsand brusheslocatedwithin
the windshieldend on the supportbar. An electricmotorrotatedtie
model throughthe desiredspeedrangeby means of miter gearswhich
~rmitted mountingof the motor outsideof the tunnelstream. The
,s~ed of rotaticmwas obtainedfrom an electricaltachometer.

Figure1 is a phantomview of the test sectionsetupshowingthe
relativelocationof the major componentsof the model supportsystem.
The slipringsend Brushesshownare of silve~phite composition:
The strai~ge balanceillustratedin figure2 is a .full~ridgecircuit
of four resistancewire gagesattachedto both sidesoftwo beams
mountedwithinthe wing-supportshellso as to re~ only a puremoment
appliedto the beams. The modelwas designedwith the shaftor sting
supmrt cut axiallyintotwo -S with connectionof the two beingat
the straiqge beams only. The ends of eachbeam were pinpedin slots
maohinedin both shaftsectionsso that a momentappliedthroughthe
nose sectionby the wingswas restrainedand read entirelyon the
straiqge beams. The removableshellsqppcrtingthe wingswas attached
to the nose sectionby the screwthreadsshownin figure-2.

The strain-indicatoruuit consistedof (1)a full+ridge circuitin
parallelwiththe bridgecomposedof the strain=gageehments, (2)m
oscillatorto providea 10&ycle alternating+oltagesupplyfor the
bridgecircuits,and (3)an electroniccircuitin whichthe bridgeunbalance
voltagesare amplified,rectified,and fed to a voltmeterwhich indicates
the amountof unbalance. ~ operationthe voltageunbalbnceis set eqpal
to zeroby adjustmentof the calibratedvariableresistancesin the legs
of the internalbridgecircuit.

-——.-, —- ------- —-— -— -.. .— ---- -—
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1 -~~h-All.but one of the triangularwingswere constructedof ~

thickbrass sheetwith the edgesbeveledsymmetricallyfor a distance
of 3/8 inch from the edgesin a normaldirection.The airfoilsections
were thereforevariablealongthe.span;however,it is eqected that the
airfoil sectionwill be a secqd-ordervariablein the determination
of C2 ● As a checkm the possibledifferencesdue to the airfoil

P
section,one steeltriangularwing was constructedhavtnga tiamond-
shapedairfoilsectionand a 45° half+pex angle. The two rectangular
Wngs testedwere of aspectratio2.00 and 2.73 and used a symmetrical
6=percen&-thickcircular-arcairfoilsectim. The pertinentwing cross
sectionsaridUmensions of the fuselageand wingsare givenin figure3
and tablesI and H. The fuselageshapewas arbitrarilydrawnto house
the strain-gageassenibly. The fineness ratioof the body was 9. The
ratioof fuselagedlhmeterto wing spanvariedfor the differant wimgs
testedmom about0.18 to 0.26.

The wingswere held on the body by a small.tongueor tab insertedin
a groovein the body. The w@@ody juncturewas then soldered.all along
forminga very smallfillet.

TESTMETHODS

The ro~t installationwas calibratedstaticallyat intervals
duringthe testingto determineany possiblechangesin the str~age
constants. In thesecalibrationsthe modelwas mibjettedto rolling
momentsand directloads. The positionof the loadson the modelwas
variedboth axiallyand radMUy to obtainthe effectof possibleforces
due to unbalanceor asymmetry. It appearedthat directloadsdue to
unbalanceor air forcesshouldbe of no Importance.As a finalcheckoh
this effect,hawever,the modelwith wingswas mountedin an air dyna-
mometerand the dymmometer reaiMngswere checkedagainstthe rolling-
moment+mlancereadings,which also servedas a checkon the operatitiof
slipringsin the presenceof vibration.

The modeland supportsystemwas observedto have certaincritical
speedsat which the vibrationof model and supportwas quitesevereand it
was foundthat unreliabledata couldbe read at or near thesespeeds. It
was foundthat the severevibrationof the model at thesecriticalspeeds
causeda modulatim of the strain-gagesignalof such~itude that the
strain-indicatoramplifiercircuitwas operatingbeyondits linearrange
and thereforecould not averageout the inputsignal. This sameeffect
developedat high rotationalspeedsat the end d? the testsend was
attributedto gear chattercausedby wearingof the smallgearsin the
drivesystem. Checkswith an osciUoscapeproved,however,that the
modulationwas only seriousat very high rotationalspeeds. The data

1?

u
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presentedhereinwere thereforerestrictedto valuesof the rotaticmal
speedwheremodulatim was riotpresmt.

As it was impossibleto set the wing on each sideof the model+with
zerorelativeincidence,therewas alwaysa smaU initialtaremomentat
zeroyaw. When this initial.tarewas conibinedwith the taremoment
createdby the slightmisalhanent of the niodelwith the tunnelstream,
the totaltaremomentvariedwith the rollingangnlarpositianof the
wings. This conditicmnecessitateda determinationof a zerorefermce
mment from a fairedcurveof the dynamic—moment readings.

I!RECISION

The precisionof the datahas been evaluatedfor each itemaffecting
the finalresultsin termsof the coefficientCZ and the parameter pb/2V.

It was foundthat the strain~sg+balancecalibrationfactorwas in
errorby fi.5 percentwhichwas probablydue to errorsintroducedin the
calibration.The readingerrorIntroducedby havingseveraloperators
and the inconsistencyin contactresistanceof the slipringswere
determinedto be insignificant.

Error in measurementof the spanof the triangularwingswas
estimatedto be ~0.012 inch. TMs discrepancywas causedby the feathering
end weeringaway of the sharptips. U the thtrdpowerof the span
entersintothe calculationof CZ, the maximumerroris about&O.7 percent.
Error in pb/2V from this sourceis negligible. In all casesthe wing
axea inclu&3sthe areaburieiiin the body.

Error in measurementof the apex anglegave an uncertainty in wing
area suchthat an errorof abuut0.4 percentis pre~entin valuesof CZ.

Measurementsof the rollingvelocitywere in errorby HO rpm in the
testrangeof 2500 rpm and contributeda mxinmm errorin pb/2V of
*O.4 percent.

The aboveestimateswere made m the basis of staticconditions.The
errorsarisingfromvibrationof the modeland from.forcesappliedby the
supersonicstreamare diffic.pltto evaluate. It is known,however,that
at or near criticalrotatiti speedsseriousscatteringoccurredand
thereforevibrationditlaffectthe readings. As a resultof thisunlmuwn
factor,the data are probablynot as &ccurateas the staticestimates
would indicate. It is felt on the basis of the observedscatterin the
data,that the errorsshould%0 less than*3.O percent.

The resultsare presentedfor the averagefie~tream Mach nunibersof
1.62 end 1.g2both havinga surveyedvariationof aboutAO.01.

. . . . ...—---. ..— .- ___ —.. ——— ..— -- —. —.. _



6 NACA TN 3740

The averageReynoldsn~er was computedfor the mean geometric
chordof eachwing and is specifiedon eachtest plot. Due to Slight ,:
variationin tunneltemperatureand preseureduringthe test runs,the
averagevaluesvariedby aboutt4000.

RESULTSAND DISCUSSION

Withinthe accuracyof the test data,the valuesof the rolling-
momentcoefficientfor all wingswere foundto be proportionalto the
rollingvelocity. The paremeter c~ is thereforeindependentof

P
rollingvelocityas predictedby lineartheory. The collectedvalues
of C7 for the triangularseriesare plottedin figure4 in a manner

D
sugges~edly the lineartheoryfor wings ti steadyroll;tie abscissa
is the parameter tan s/tanv which describesthe positionof the
leadingedgesrelativeto the Mach cone from the wing apex. Values
of tan G/tanw less than one producethe so-calledsubsonicleading-
edgecontitionand valueshigherthan one, the supersonicleading-edge
contition.The differencelies in the typesof pressuredistributions
predictedtheoreticallyfor the two cases. Plottedas the ordinateis

the quantity v~CZ . The figureplottedin thismannerallows
P

the theoreticalveluesfor isolatedwings to be representedbya single
curveindependentof Mach nuniber.(Seereference1.)

The experimentalpointsfor eachMach nuriberproducea ratherbroken
curvein the range of tan G/tanIL near one. It appearsunusualthat
the breaksoccurfor the wingshavingvaluesof G of ’approximately
300 and350. When this effectwas firstnoted,the wing areasand
calculationsfor the wingswere rechecked-andone checkrun was made
for the e= 300 wing at M= 1.92;however,no plausibleexplanati~n
of the breakscouldbe found. As the uncertaintyof the data is
estimated.to be less thanthat indicatedby the breaksin the curve,
it is feltthat the deviationstioma smoothvariationactuallyexist
and perhapsare causedby interferencebetweenthe wing and body; it
mightbe notedthatthe deviationsoccurfor valuesof tan C/tan~
near 1.0 wherethe flow overthe leadingedgesis of transoniccharacter.
The veriationewhich occurin the ratio of fuselagediemeterto wing
spanwere investigatedas a possiblecauseof the deviations;however,
it was not consideredpossiblethat the smallvariationin the wing
proportionscouldproducethe changesexperienced.In any event,a
,e~oth curvecan be drawnthroughthe datafor whichthe maximum
deviationof the pointsfroma meau curveat both llachnuniberswill
be of the orderof &5 percent.
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The effectof body interference
known,however,it mightbe expected
certainamountof increasedpressure

on the dampingforcesis not
thatthe body wouldproducea
overthe wing root sectionsto

7

compensatesomewhatfor-thewing areabuied in the fuselage. If
thiswere so, the data shouldbe expectedto conformmore closely
with theory. It is probablethat”the observeddiscrepancybetween
the theoryand experiment(roughly10 percent)is clmsedby bo~
layerthickeningor separation.Testsat higherReynoldsnunibers
shouldclarifythe situation.

The valuesof Cz for the two triangularwings of 450 semlvertexD
anglebut di~ferent&foil secticawere foundto be identicalwithin
the e~erimentalaccuracy. It thus appearsthat the effectof section,
at leastfor the very thinwfngs tested,is negligible.

In figure5 the results for the two rectangularwingsare plotted
with the curvepredictedby lineartheoryfor isolatedwings. (See
reference2.) The agreementis surprisiII@Ygood consideringthe presence
of a fuselagein the experimentalresul”ts.Althou@ the buriedwing area
for the low-aspect-ratiowing is approximately30 percent,this area is in
a regionof law effectivenessand consideringthe theoreticalpressure
distributionshouldonlyreducethe rollingmomentby about5 percent.
It is possibletkt the presenceof the body can give rise to increased
dampingpressuresoverwing root sections.

The data obtainedfor all.the wingsTestedare preseptedin
figures6 to 9. The figuresindicatethe rang?of pb/2V valuesattained
and show the mount of scatter. Valuesof the ratio of fuselagediameter
to wing spanere givenon each chart.

CONCLUSIONS

Wind-tunneltestsat &h numbers M = 1.62 SXMI1.%? of the damping–
in-rollcharacteristicsof a seriesof triangularplan+mmwings and two
rectangularwings enabledthe followingcaclusions to be reached:

(1)The @h@Larwings gave resultsapproximately10percentbelow
thatpredictedwhen the wing leadingedgeswere well aheadof “orbehind
the Mach cone. Somewhatgreaterreductionsin the dampingcoefficients
f%om the linearthecrywere foundwhen the leadingedgeswere in the
vioinityof the Mach cone.

. ... . . . — — .-—. —.. -—
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,.

appearsto be predicted
the range of aspect ,.

ratiostested(A~M? – 1 from2.5 to 4.5).
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Totalwing

(:8)
I

span
(Sy:) (f(i)

30.5
33.1
35.4
37.6
40.3
44.6
45.1

0.074
.080
● 074
.063
.061
.059
.052
.050
.036
.036

0.330
:386
●397
.387
.398
.410
.398
.410
.378
.382

.

TABm II.-lWWWWURWIITG DIMENSIONS

Totalwing
Aspect Spxl Chord
ratio (ST;) (f’t) (f%)

2.00 0.040 0.283 0.142
2.73 .055 .389 .142

v

.
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Figure4.- Dampingin roll of triangularwings on a body of revolution.
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(a)Wing aspectratio= 2.00.

Figure9.- Rectangular-wingvariationat roUi.ngaomentcoefficientwith
wing-tiphelixangle. M = 1.92.
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